Introduction
In recent years, minimally invasive therapies, such as laparoscopic surgery and endoscopic resection, including endoscopic submucosal dissection (ESD), have been actively performed for early gastric carcinomas. Such minimally invasive therapies conserve function, but after such resections, a large quantity of the gastric mucosa remains from which the carcinomas arose, and concurrent multiple carcinomas and the development of post-therapeutic asynchronous multiple carcinomas represent serious problems. The early detection and treatment of multiple carcinomas associated with minimally invasive therapies requires strict post-therapeutic surveillance.
Studies of excised stomachs have shown an incidence of concurrent multiple gastric carcinomas of 4.8%-23.8% [1] [2] [3] . The incidence of asynchronous multiple gastric carcinomas after endoscopic resection is reportedly 1.0%-5.6% [4, 5] . Epidemiologically, multiple gastric carcinomas often occur in the elderly and in men, and histologically, multiple gastric carcinomas often arise in gastric mucosa with chronic gastritis, particularly severe intestinal metaplasia [6] [7] [8] [9] [10] . In regard to such characteristics, several clinicopathological risk factors for multiple carcinomas have been reported, but no clinically useful criteria are available at present for assessing the onset of multiple gastric carcinomas. If the risk for multiple gastric carcinomas could be accurately assessed, effi cient and accurate surveillance could be performed following minimally invasive therapies.
The purpose of this study was to establish criteria for predicting the possible onset of multiple gastric carcinomas by comparing clinicopathological factors in solitary and multiple early gastric carcinomas.
Materials and methods
We examined 379 specimens of early gastric carcinomas that had been surgically resected at the Department of General and Gastroenterological Surgery of Osaka Medical College, Japan, from April 1999 to December 2006.
All of the resected materials (stomach including gastric carcinoma) were histologically confi rmed as early-stage gastric carcinomas.
Early gastric carcinomas were investigated through the clinicopathological assessment of 94 cases of multiple early gastric carcinomas and 285 cases of solitary early gastric carcinomas.
The diagnosis of carcinoma was based on the criteria published in the General rules for the gastric cancer study of the Japanese Research Society for Gastric Cancer [11] and the TNM classifi cation of malignant tumors [12] . The diagnosis of multiple carcinomas was made according to the criteria outlined by Moertel et al. [13] , as follows: (1) each lesion must be of pathologically proved malignancy, (2) all lesions must be clearly separated by intervals of microscopically normal gastric wall, and (3) the possibility that one of the lesions represents a local extension or metastatic tumor must be ruled out beyond any reasonable doubt. The diagnosis of carcinoma was also made according to the criteria outlined by the Vienna consensus classifi cation (category classifi cation, 2000) [14] .
Early gastric carcinomas were defi ned as mucosal carcinomas and submucosal invasive carcinomas of the stomach, and mucosal carcinomas were defi ned as greater than category 4, by the Vienna classifi cation of gastrointestinal epithelial neoplasia [14] , and which also showed Tis (carcinoma in situ: intraepithelial tumor without invasion of the lamina propria) and T1 (tumor invades lamina propria or submucosa) by the TNM clinical classifi cation [12] .
Differentiated adenocarcinoma was defi ned as tubular-forming adenocarcinoma and corresponded to "intestinal-type adenocarcinoma" according to Lauren [15] and Jarvi and Lauren [16] . A recent study of differences in the diagnostic criteria of gastric carcinoma between Japanese and Western pathologists [17] reports that, according to most Western pathologists, Japanese pathologists diagnosed defi nite carcinoma in 50% of cases with adenoma and/or low-grade dysplasia; diagnosed defi nite carcinoma in the majority of cases of adenoma and/or high-grade dysplasia; and diagnosed defi nite carcinoma in all cases of adenoma and/or highgrade dysplasia with suspicion of carcinoma. There were no major differences in the diagnoses of cases with clearly invasive carcinoma. The presence of invasion was the most important diagnostic criterion of gastric carcinoma for most Western pathologists, whereas for the Japanese, the nuclear features and glandular structures were more important.
In the present study, the resected materials (stomach including gastric carcinoma) were fi xed in formalin, embedded in paraffi n, and stained with H & E. Sections (2-μm-thick) of the maximum diameter of the tumor were evaluated for the following pathological factors. All cases were blindly reviewed twice by three of the authors (T.N., Y.E., and H.A.). If discrepancies arose, the cases were discussed to achieve consensus while being viewed under a multihead microscope.
Clinicopathological factors
We investigated the clinicopathological differences between multiple early gastric carcinomas and solitary early gastric carcinoma in terms of the following 12 factors:
1. Sex 2. Age 3. Histological type Histologically, the carcinomas were classifi ed into two types (well-and moderately differentiated type and poorly differentiated type) based on the criteria published in the General rules for the gastric cancer study [11] and the TNM classifi cation [12] . We defi ned welland moderately differentiated type (G1 and G2) if papillary adenocarcinoma, well-differentiated carcinoma, or moderately differentiated carcinoma was present. We defi ned the rest as poorly differentiated type (G3) if papillary adenocarcinoma, well-differentiated carcinoma, or moderately differentiated carcinoma was not present, and poorly differentiated carcinoma, signet ring cell carcinoma, or mucinous carcinoma was present.
Location
Location was classifi ed into the upper (U), middle (M), and lower (L) thirds of the stomach based on the criteria published in the General rules for the gastric cancer study [11] . The upper (U) third shows the cardia or fundus; the middle (M) shows the corpus; and the lower (L) third shows the antrum and pylorus, according to the anatomical subsites of the TNM classifi cation [12] .
Size
The maximum tumor diameter in early gastric carcinomas was measured macroscopically.
Mucin phenotype
On the basis of mucin histochemistry, human gastric mucin (HGM; gastric mucin; Novocastra, Newcastle, UK) and MUC6 (Novocastra) were used as markers indicating gastric phenotype expression. MUC2 (Novocastra) and CD10 (Novocastra) were also used as markers indicating intestinal phenotype expression. Both cytoplasmic and luminal membranous reactivity were judged as positive for HGM, while CD10 and cytoplasmic reactivity were judged as positive for MUC6 and MUC2 [18] . Differentiated adenocarcinoma that consisted of more than 90% of gastric-type cells was classifi ed as carcinoma with gastric phenotype; that composed of more than 90% of intestinal-type cells was described as carcinoma with intestinal phenotype; and the remainder was assigned as carcinoma with mixed phenotype. In this study, gastric carcinoma was classifi ed into gastric phenotype and intestinal phenotype, with the mixed phenotype being included in the intestinal phenotype.
Distribution of atrophic mucosa in the stomach
Distribution of atrophic mucosa was classifi ed into two categories (slight and severe) according to the criteria advocated by Nakamura et al. [19] [20] [21] . Atrophic mucosa surrounding carcinoma of the stomach was classifi ed according to the following criteria: slight, with scattered atrophic mucosa; severe, with continuous atrophic mucosa beyond the angle of stomach.
Degree of atrophy in the mucosa surrounding the cancer lesion
The gastric mucosa was divided into three areas (fundic, pyloric, and intermediate) in terms of intestinal metaplasia, according to the criteria advocated by Nakamura et al. [19] [20] [21] , where the F-line is a distal line with chief cells and parietal cells continuously appearing and the f-line is a distal line with parietal cells appearing separately or in the form of a nest; the area proximal to the F-line and f-line is called the intermediate zone area. In this study we checked the mucosa surrounding the cancer lesion and classifi ed the three areas into two types; nonatrophic mucosa (fundic gland) and atrophic mucosa (intermediate zone + pyloric gland).
Degree of intestinal metaplasia in the surrounding mucosa
The degree of intestinal metaplasia in the surrounding mucosa was classifi ed into two categories (slight and severe) according to the criteria advocated by Nakamura et al. [19] [20] [21] . Intestinal metaplasia in the surrounding mucosa within 1 cm from the cancer was classifi ed as follows: slight, without intestinal metaplasia or with scattered intestinal metaplasia; severe, with continuous intestinal metaplasia or scattered nonmetaplastic glands in between.
Heterotopic glandular cysts
We checked whether heterotopic glandular cysts of the stomach were present (positive) or not (negative). Heterotopic glandular cysts are the translocation of pseudopyloric cystic glands into the submucosal layer, cystic transformation, proliferation, and subsequent differentiation of the lining of the foveolar epithelium.
Helicobacter pylori
Microscopically, we investigated for the presence of a bacterial pathogen with spherical and spiral shapes, i.e., H. pylori, by H & E and Giemsa staining and we noted H. pylori positivity or negativity.
Lymphoid infi ltration
The degree of lymphoid cell infi ltration in the cancer nest was classifi ed as either negative (no or little infi ltration) or positive (infi ltration with follicular structure or more lymphoid cells than the number of cancer cells).
Statistical method
The above pathological factors were compared between cases that were positive for multiple gastric carcinomas and those that were negative for multiple gastric carcinomas. Each pathological factor was assessed separately by univariate logistic regression analysis. Differences at P < 0.10 were considered signifi cant. Factors were analyzed by stepwise multivariate logistic regression, and the odds ratio with 90% confi dence interval was calculated for each factor. Statview version 5.0 [22] and SPSS II standard version [23] were used for all statistical calculations.
Results (Table 1) 1. Sex
In the group with solitary early gastric carcinoma, the male/female ratio was 195: 90. In the group with multiple early gastric carcinomas, the male/female ratio was 65: 27. The male/female ratio therefore showed no difference between the group with solitary early gastric carcinomas and the group with multiple early gastric carcinomas.
Age
The average age of the patients with solitary early gastric carcinoma was 62.4 years, and it was 66.1 years in those with multiple early gastric carcinomas. This difference was statistically signifi cant (P = 0.009). In addition, the odds ratio was highest when subjects were divided into groups with a cutoff age of 65 years. The incidence of multiple early gastric carcinomas increased with age.
Histological type
In the group with solitary early gastric carcinoma, the ratio of well-and moderately differentiated type to poorly differentiated type was 119 (41.8%) : 166 (58.2%).
In the group with multiple early gastric carcinomas, the ratio of well-and moderately differentiated type to poorly differentiated type was 46 (50.0%): 46 (50.0%). This difference was statistically signifi cant (P = 0.036) and the well-and moderately differentiated type was present more often in the group with multiple early gastric carcinomas than in the group with solitary early gastric carcinomas.
Location
In the group with solitary early gastric carcinoma, the upper third of the stomach (cardia and fundus) had 39 cases (13.7%), the middle third (corpus) had 142 cases (49.8%), and the lower third (antrum and pylorus) had 104 cases (36.5%). In the group with multiple early gastric carcinomas, the upper third of the stomach (cardia and fundus had 8 cases (8.7%), the middle third (corpus) had 50 cases (54.3%), and the lower third (antrum and pylorus) had 34 cases (37.0%). No difference was seen in the incidence of cases in the upper (U, cardia and fundus), middle (M, corpus), and lower (L, antrum and pylorus) thirds of the stomach between the groups with multiple early gastric carcinomas and solitary early gastric carcinoma.
Size
The median tumor diameter in the group with solitary early gastric carcinoma was 34.1 mm and the median tumor diameter in the group with multiple early gastric carcinomas was 30.0 mm., There was no statistically signifi cant difference between the group with solitary early gastric carcinomas and the group with multiple early gastric carcinomas. 
Distribution of atrophic mucosa in the stomach
In the group with solitary early gastric carcinoma, the ratio of slight type to severe type was 127 (52.9%): 113 (47.1%). In the group with multiple early gastric carcinomas, the ratio of slight type to severe type was 31 (35.6%): 56 (64.4%). This difference was statistically signifi cant (P = 0.0056). "Severe" distribution of atrophic mucosa was present more often in the group with multiple early gastric carcinomas than in the group with solitary early gastric carcinomas.
Degree of atrophy in the mucosa surrounding the cancer lesion
In the group with solitary early gastric carcinoma, nonatrophic mucosa (fundic gland) was found in 45 (16.1%) and atrophic mucosa (intermediate zone + pyloric gland) in 234 (83.9%). In the group with multiple early gastric carcinomas, nonatrophic mucosa was found in 10 (10.9%) and atrophic mucosa in 82 (89.1%). There were no statistically signifi cant differences in these factors between the two groups.
Degree of intestinal metaplasia in the surrounding mucosa
In the group with solitary early gastric carcinoma, the ratio of slight type to severe type was 146 (52.5%): 132 (47.5%). In the group with multiple early gastric carcinomas, the ratio of slight type to severe type was 29(31.5%): 63 (68.5%). Statistically, a "severe" degree of intestinal metaplasia in the surrounding mucosa was one of the most signifi cant clinicopathological factors (P = 0.0004).
Heterotopic glandular cysts
In the group with solitary early gastric carcinoma, 19 cases were positive for heterotopic glandular cysts (6.7%) and 264 cases were negative for heterotopic glandular cysts (93.3%). In the group with multiple early gastric carcinomas, 13 cases were positive for heterotopic glandular cysts (14.1%) and 79 cases were negative for heterotopic glandular cysts (85.9%). In multiple early gastric carcinomas, coexistence with heterotopic glandular cysts was statistically signifi cant (P = 0.09). 
Helicobacter pylori

Lymphoid infi ltration
In the group with solitary early gastric carcinoma, 11 cases were lymphoid infi ltration-positive (3.9%) and 274 cases were lymphoid infi ltration-negative (96.1%).
In the group with multiple early gastric carcinomas, 5 cases were lymphoid infi ltration-positive (5.4%) and 87 cases were lymphoid infi ltration-negative (94.6%). This difference was not statistically signifi cant.
Statistical analysis
Univariate logistic regression analysis showed that age (≥65 years), histological type (well and moderately differentiated type), mucin phenotype (intestinal type), distribution of atrophic mucosa in the stomach (severe), degree of intestinal metaplasia in the surrounding mucosa (severe), and heterotopic glandular cyst (positive) were statistically signifi cant risk factors for multiple gastric carcinomas (Table 2) . Multivariate logistic regression analysis by the stepwise method showed that the important risk factors for multiple gastric carcinomas were the degree of intestinal metaplasia in the surrounding mucosa (moderate or severe) and age (≥65 years; Table 2 ).
Predictive pathological risk algorithm for multiple gastric carcinomas
Univariate logistic regression analysis of clinicopathological factors in the present study showed that multiple gastric carcinomas were signifi cantly correlated to old age (≥65 years), histological type (well-and moderately differentiated), mucin phenotype (intestinal type), distribution of atrophic mucosa in the stomach (severe), degree of intestinal metaplasia in the surrounding mucosa (severe), and heterotopic glandular cysts (positive). Furthermore, multivariate logistic regression analysis by the stepwise method identifi ed the degree of intestinal metaplasia in the surrounding mucosa (severe) and age (≥65 years) as signifi cant independent risk factors for multiple gastric carcinomas.
Based on these fi ndings, the risk for multiple gastric carcinomas was classifi ed as high, moderate, or low, as follows: when intestinal metaplasia in the surrounding mucosa (severe) or age (≥65 years) was found, the risk was classifi ed as high; when the histological type was well-and moderately differentiated, mucin phenotype was the intestinal type, the distribution of atrophic mucosa in the stomach was severe, or heterotopic glandular cysts were positive, the risk for multiple gastric carcinomas was classifi ed as moderate. The risk for multiple gastric carcinomas were classifi ed as low when these risk factors were absent.
A risk chart, based on logistic regression analysis, for multiple gastric carcinoma was developed, as shown in Fig. 1 . We calculated the sensitivity and the specifi city for high risk and for high and intermediate risk for multiple gastric carcinomas. With this algorithm, sensitivity was 86.2% and specifi city was 30.4% in the highrisk category, and sensitivity was 98.9% and specifi city was 9.0% in the high-and-intermediate-risk category. 
Discussion
In the elderly, the incidence of gastric carcinomas reportedly tends to be high, and the frequency of multiple cancers is also high. Old age has therefore been recognized as a risk factor for multiple gastric carcinomas [24] . In the present study, old age was signifi cantly correlated to multiple gastric carcinomas, and multivariate analysis showed old age as a signifi cant independent risk factor. Logistic regression analysis was performed by dividing subjects into two age groups, elderly and young, and odds ratios were highest when subjects were divided into groups with a cutoff age of 65 years. Based on this fi nding, the assumption that elderly individuals aged 65 years or more are at greater risk for multiple gastric carcinomas appears valid. Studies have not fully clarifi ed the age at which the risk for multiple gastric carcinomas increases, and using age as a risk factor in clinical settings has been diffi cult. The current fi nding of a concrete value of 65 years is thus clinically signifi cant.
Meanwhile, studies have shown that chronic atrophic gastritis and intestinal metaplasia are carcinogenic factors and represent important risk factors for multiple cancers [25, 26] . In the present study, chronic gastritis was investigated in terms of the following four factors: distribution of atrophic mucosa in the stomach, degree of atrophy in the mucosa surrounding, the cancer, degree of intestinal metaplasia in the surrounding mucosa, and H. pylori infection. The results showed that multiple gastric carcinomas were correlated signifi cantly to the distribution of atrophic mucosa in the stomach and the degree of intestinal metaplasia in the surrounding mucosa, and multivariate analysis confi rmed the latter as a signifi cant independent factor. Recent studies have shown that H. pylori not only causes peptic ulcer and gastritis but also exhibits a strong correlation to gastric carcinomas [27] [28] [29] . The WHO/International Agency for Research on Cancer (IARC) recognized H. pylori as a defi nite carcinogen in 1994 [30] . Many prospective epidemiological studies have shown that the incidence of gastric carcinomas in persons infected with H. pylori is signifi cantly higher when compared to that in uninfected persons, and H. pylori also appears to represent a risk factor for multiple carcinomas. However, in the present study, the incidence of H. pylori infection tended to be higher for solitary carcinomas than for multiple carcinomas, but no signifi cant differences were identifi ed and H. pylori infection was not shown as a risk factor for multiple carcinomas.
Heterotopic glandular cysts is a condition in which a non-neoplastic proper gastric gland proliferates ectopically in the submucosal layer, with an acquired ectopic gland developing during the regeneration process of erosion and ulcer. Yasuda et al. [31] reported that the incidence of gastric carcinomas, particularly multiple gastric carcinomas, was high in stomachs with multiple heterotopic glandular cysts. In the present study, univariate analysis showed heterotopic glandular cysts as a signifi cant risk factor for multiple gastric carcinomas, but multivariate analysis did not identify heterotopic glandular cysts as an independent risk factor.
Lymphocyte-infi ltrating carcinomas are seen in various organs and, in the gastrointestinal tract, the number of such reports is highest for gastric carcinoma. Lymphocyte-infi ltrating gastric carcinoma is a cancer with better prognosis and lower incidence of lymph node metastasis, and Epstein-Barr virus (EBV) infection in the gastric mucosa is seen in more than 90% of cases. EBV infection in the gastric mucosa has been examined as a risk factor for gastric carcinoma [32] [33] [34] . The risk factors for gastric carcinoma are the same risk factors as those for multiple gastric carcinomas, and the incidence of multiple gastric cancers in lymphocyteinfi ltrating gastric carcinoma is considered high. In the present study, the incidence of lymphocyte-infi ltrating gastric carcinoma in multiple carcinomas tended to be higher than that in solitary carcinomas, but no significant difference existed, and lymphocyte-infi ltrating carcinoma was not a risk factor for multiple carcinomas.
It is known that multiple gastric carcinomas more often accompany well-and moderately differentiated carcinoma than poorly differentiated carcinoma. In the present study, univariate analysis showed well-and moderately differentiated carcinoma as a signifi cant risk factor, but multivariate analysis did not reveal well-and moderately differentiated carcinoma as an independent risk factor.
Gastric carcinoma can now be immunohistologically classifi ed into gastric type with mucinous transformation originating from the proper gland and intestinal type with mucinous transformation originating from intestinal metaplasia. Marked differences exist in the biological behaviors of these two types [35] . In the present study, intestinal transformation exhibited a signifi cant correlation to multiple gastric carcinomas, and multivariate analysis also showed intestinal transformation as a signifi cant independent risk factor for multiple gastric carcinomas.
Based on the present study, the risks for multiple gastric carcinomas were classifi ed as high, moderate, and low. The specifi city of these new multiple gastric carcinoma risk assessment criteria (where only the highrisk group was considered at risk for multiple gastric carcinomas) was high, and the sensitivity of the multiple gastric carcinoma risk assessment criteria (where moderate-and high-risk groups were considered at risk for multiple gastric carcinomas) was high. While other studies have shown risk factors for multiple gastric carcinomas, the present study is unique in showing risk assessment criteria based on a combination of risk factors for multiple gastric carcinomas.
Conclusion
Clinicopathological risk factors for multiple gastric carcinomas were extracted to develop risk assessment criteria. Using these criteria, patients at high risk for multiple gastric carcinomas can be identifi ed, and the criteria will be useful for developing surveillance plans following reductive therapy for gastric carcinomas.
